Seventeen different species of Legionella, 12 serogroups of Legionella pneumophila, and 2 Legionella-like amoebal pathogens (LLAP1 and Sarcobium lyticum) were examined by heteroduplex analysis of PCR products of the 5S rRNA gene. Eight different banding patterns were identified, indicating that heteroduplex analysis of this gene can be used to classify these bacteria according to base substitutions between species. This classification may have future applications in clinical and epidemiological studies.
these patterns. This is possible if heterogeneity exists in the 5S rRNA gene among Legionella species.
The species and serogroups used in this study were L. ). Bacteria were cultured on buffered charcoal-yeast extract agar plates (Difco). After growth at 37°C for 24 h, colonies were aseptically swabbed from the surface of the plate and suspended in 1.0 ml of TE buffer (10 mM Tris-HCl-1.0 mM EDTA [pH 8.0]) to a final density of 10 8 CFU/ml in 1.5-ml microcentrifuge tubes (Costar, Cambridge, Mass.). All bacterial suspensions were washed once in TE buffer, and the pellet was resuspended in 50 l of TE buffer. Tubes were then subjected to a 10-min incubation in a 100°C heat block, a 15-min sonication step as previously described (5), and one freezethaw cycle at Ϫ70°C. A 108-bp fragment of the 5S rRNA gene was amplified for each isolate as described previously (10) . Following amplification, uracil glycosylase inhibitor (1.0 U) (New England Biolabs, Beverly, Mass.) was added to each reaction tube containing 30 l of amplified product. This was done to inhibit any residual uracil N-glycosylase activity. To inhibit Taq polymerase, 0.5 l of 0.5 M EDTA was also added to each reaction tube.
Amplified DNA (108 bp) from L. pneumophila serogroup 1 was used as a constant component for heteroduplex analysis, in comparison to which all other serogroups or species were analyzed. In a separate tube, 25 l of the isolate in question was mixed with 25 l of the constant PCR product and placed in a GeneAmp PCR System 2400 thermocycler (Perkin-Elmer, Norwalk, Conn.). DNA strands were denatured at 95°C for 5 min and slowly cooled to 25°C by a 2-min stay at every fifth degree. The entire 50-l specimen was then mixed with 10 l of loading buffer (Gel Loading Solution; Sigma Chemical Co., St. Louis, Mo.) and loaded onto a 12% polyacrylamide gel. Electrophoresis was carried out at 300 V for 3.5 h with TBE buffer (89 mM Tris-89 mM boric acid-2 mM EDTA [pH 8.3]) in a Protean II xi electrophoresis system (Bio-Rad, Hercules, Calif.), followed by staining with ethidium bromide and examination by UV transillumination. Heteroduplex banding pat-terns were differentiated on the basis of the number and relative positions of bands, compared to the homoduplex band.
On the basis of the heteroduplex analysis, Legionella species tested here were classified into eight groups, as follows: group 1, L. pneumophila serogroups 1 to 8, 10 to 12, and 14; group 2, Analysis of all L. pneumophila serogroups showed no heteroduplex bands (Fig. 1) ; therefore, all L. pneumophila serogroups were classified as group 1. It should be noted that no other Legionella species were classified as group 1 along with L. pneumophila. Groups 2 through 8 included species which showed different heteroduplex banding patterns (Fig. 2) . Each group contained at least two different species, except for groups 7 and 8, which contained only LLAP1 and S. lyticum, respectively. Heteroduplex analysis of any species with another member of the same group showed only a homoduplex banding pattern (data not shown). The formation of these heteroduplex banding patterns was reproducible in this laboratory.
These results indicate that there are no base substitutions in the 108-bp fragment of the 5S rRNA gene between the serogroups of L. pneumophila tested here. Since different heteroduplex banding patterns indicate base substitution combinations, banding patterns of groups are specific, and members of the same group show the same differences from members of other groups in 5S rRNA gene sequence.
The available information regarding the 5S rRNA gene sequence of legionellae is limited to L. pneumophila (7) . The primer set used in this study can amplify the target sequence in all Legionella species (9); therefore, there appears to be no heterogeneity at the primer binding sites between species that might inhibit primer annealing and subsequent amplification. However, amplified 5S rRNA gene sequences showed sufficient heterogeneity between species, allowing for detection by heteroduplex analysis. The classification of legionellae on the basis of this polymorphism by heteroduplex analysis may be useful for identification of isolates from clinical or environmental specimens. Since, in some specimens, legionellae can be detected only by PCR, use of heteroduplex analysis with each of the eight groups can reveal the probable species by showing only a homoduplex band with a particular group. Since all serogroups of L. pneumophila tested here show only homoduplex bands, heteroduplex analysis could also be used for confirmation of positive PCR results for L. pneumophila. In addition, this method is technically simple for laboratories where PCR is routinely performed.
The main disadvantage of this method is that legionellae do not show sufficient heterogeneity in the 5S rRNA gene region to reveal a unique banding pattern for each species. This problem may be overcome by using longer and more heterogeneic regions for heteroduplex analysis, i.e., 16S rRNA or genes that code for the major outer membrane protein.
The 5S ribosomal DNAs of LLAP1 and S. lyticum were also amplified by PCR with the primer set used in this study, indicating that they are likely to be legionellae. The heteroduplex banding patterns of these two isolates were unique (Fig. 2) , although other members of these groups may be found as additional species of Legionella or Legionella-like amoebal pathogens are examined. The roles of LLAP1 and S. lyticum in the etiology of Legionnaires' disease can be further evaluated with established routine heteroduplex analysis of clinical specimens.
In summary, these results indicate that classification of legionellae into at least eight unique groups is possible by using heteroduplex analysis. This study was not intended to be a complete taxonomic classification of all legionellae, and a survey of multiple representatives of each known species and serogroup of Legionella is the subject of future studies in this laboratory. The routine use of this method may advance the knowledge of clinical and epidemiological aspects of Legionnaires' disease. 
